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Abstract 
PHYTAT"P. EXTRACTTON AND S't11!VTUT1ATTON OF 
PHYTASE BY zn & ~g TN SEEDS 
by Sandra Gin-san chow 
Almonds, peanuts, mung beans and soy beans were soaked 
in distilled water for O, 2, 6, 18 and 24 hours, and the 
phytate in the seeds and in the soak water was quantitative-
ly analyzed. A comparison of phytate content was made after 
the seeds were soaked in 0.01 N HCl or in saturated NaHco3• 
The seeds soaked in distilled water served as controls. 
~he effects of zinc and magnesium on sti~1lation of phytase 
i~ :seeds were deter:nined by comparing the quantity of sub-
strate (phytate) with that of the control group. 
'!1he method for analyzing the phytate content was based 
on dry weight. After phytic acid was extracted by hot HCl, 
ferric phytate was precipitated by adding an excess amount 
of ferric chloride. The iron of ferric phytate was convert-
ed to ferric hydroxide with NaOH and the amount of iron in 
each sample was spectrophotometrically determined. 
The results in this study show that under acid condi-
tions phytates in seeds were soluble, but under alkaline 
conditions the reverse is true. using water alone the ex-
traction does not offer a promising method of removing phy-
tate. zinc may .have some effect on increaseing the activity 
. 2+ 2+ of phytase in some seeds, but with zn and "[VTg together 
no effect on phytase activity was observed. 
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CHAPTER I 
STATEMENT OF THE PROBLEM 
The phytate ion in many cases forms insoluble com-
plexes with metallic ions; for example: complexes with iron, 
zinc and calcium are highly insoluble and a combination of 
calcium and zinc forms an even less soluble complex (Oberleas 
et al., 1966). rn the study of smith and Rackis (1957), 
phytate also complexes with proteins making them less 
soluble. rt has been shown that calcium ions interact with 
protein and phytate to further decrease their solubility 
(wolf and Briggs, 1959; saio et al., 1967). 
Phyta.te decreases the biological availability of these 
minerals. and protein. The chemical nature of phytate in 
plant seeds is not well understood. The purpo~e of this 
study is to determine the amount of phytate in almonds, 
peanuts, mung beans and soy beans after soaking in distilled 
water, in 0.01 N HCl and in saturated NaHco3 . The effects 
.f Z+ d 2+ t" 1 t" f h t t" "t . d o zn an Mg s imu a ion o p y ase ac 1v1 y in see s 
are also examined. 
under some conditions phytate can be soluble. If the 
way to increase the ~olubility of phytate or to stimulate 
the activity of phytase could be found out to reduce the 
phytate content in food ingredients, the incidence of mineral 




The definition of key terms used in this paper are as 
follows: phytic acid is defined as myo-inositol hexaphos-
phoric acid; phytate denotes a salt of phytic acid; and 
phytin is defined as a mixed calcium and magnesium salt of 
inositol hexaphosphate. However, the terms phytate, phytic 
acid and phytin seem to be used interchangeablely in the 
literature. 
A) FORMATION AND ROLES OF PHYTATE IN PLANTS 
Ph:rtatE; is present in nearly all seeds, and occurs 
chiefly as phyti.n. Phytin is the principal storage form of 
phosphorus in many seeds and comprises up to 80% of the 
total phosphorus (Asada et al., 1968). The synthesis of 
nucleic acid proteins and cell walls occur early in germi-
nation; these and other processes require phosphorylated 
substrates. The hydrolysis of phytate provides the phos-
phate needed for growth (Albaum and Umbreit, 1943; Tomlinoson 
and Ballou, 1962). several physiological roles have been 
suggested for phytate in plants. It may be used as a 
phosphorus store (Hall and Hodges, 1966), as an energy 
store (Biswas and Biswas, 196.5), or as an initiator of 
dormancy (Sobolev and Radionora, 1966) .. 
2 
Recently, Williams (1970) reported that there is no 
substantiated evidence to support the hypothesis that the 
phytate in seeds supplies energy for the process of germi-
nation. on the contrary, he found that respiration in wheat 
grain begins very early during germination and certainly 
before substantial amounts of phytate have been hydrolyzed. 
The theory regarding dormancy is also discussed by 
Williams (1970). If sobolev's postulate that phytate produc-
tion initiates dormancy is true, then the level of ATP should 
fall substantially with the rise in phytic acid. Williams' 
experiment (1970) showed that the concentration of ATP does 
net fall to low levels until approximately seven days after 
the maximum rate of phytic acid formation. Nevertheless, 
in riCE! grain (Asad.a and Kasai, 1962) and in the potato tuber 
(samotus arid Schwimmer, 1962) a sharp rise in phytic acid 
occurs shortly before maturity. These findings suggest that 
the synthesis of phytic acid is associated with the onset 
of dormancy. rt is thought that removal of the A11P pool is 
not the mechanism which triggers the onset of dormancy. rt 
may be that the synthesis of th~ strongly chelating phytic 
acid exerts an effect on the cellular metabolism by combining 
with multivalent cations (Sen and Altschul, 1967) which are 
knovm to play a significant part in the control of many cel-
lular processes -- particularly those involving phosphotrans-
ferases on which energy metabolism depends (Bygrave, 1967). 
In addition, phytate may play a possible role as an 
intermediate between D-glucose and products of uronic acid 
metabolism (Loewus, 1969) which occupies a key position in 
processes related to phosphorus storage and utilization in 
plants. The met~bolic interrelation between phytate and 
other sugars is shown in Figure 1. 
The active transport of phosphorus to seeds from 
4 
leaves and roots is an important part of ripening. Asada 
et al. (1969) administrated 32P-phosphate to rice and found 
that phosphates of phytic acid have a very low rate of turn 
over. Thus, phytic acid is the final product of phosphorus 
metabolism i.n the ripening grains of rice. They also 
observed tha.t inositol di-, tri-, tetra- and pentaphosphates 
are not intermediates in the formation of phytic acid. 
Their hypothesis on the formation of phytic aci'd, tentative-
ly including inositol monophosphate as the intermediate is 
as follows: 
inositol + phosphate donor ~ inositol rnonophophate 
(inositol-P1) 
inositol-P1 + X ~ X-inositol-P1 
X-inositol-P1 + phosphate donor ~ '~ X-inositol-P6 
X-inositol-P6 -4 X + inositol-P6(phytic acid) 
rn this pathway X is an unknown compound that is supposed 














phy-tic acid · my!-i!osi tol I > galactinol raffinose 
other products~ I ~ n-glucuronic acid stachyose 
0-methyl ethers l 
isomer of inositol 
esters {carboxylic). products of D-glucuronic acid 
esters (phosphoric) metabolism including cell 
wall polysaccharides 
Figure 1. Metabolic interrelationships between phytate, 
myo-inositol and other sugars (Loewus, 1969). 
"' 
Phytic acid in grain'is affected by the level of 
phosphate in the culture solution. A high level of phos-
phate in the culture solution of rice results in a greater 
amount of phytic acid (Asada et al., 1969). 
B) THE EFFECT OF PHYTATE ON ANIMALS 
6 
Phytate complexes with many mineral elements, and in 
some cases render them insoluble and therefore biologically 
unavailable. For example, it decreases the availability of 
dietary zinc (O'Dell, 1969), calcium (Harrison and Mellanby, 
19.39) and magnesium (Roberts and Yud)cin, 1960). rts effect 
on irc.m is iess clear. There is evidence that under some 
conditions it decreases iron availability (Sharpe et al., 
1950), and. under others it has no effect (Morris and Ellis, 
197.5). 
Calcium, vitamin n, and Phytate 
calcium has been shown to have an adverse effect on 
the availability of phytate phosphorus. conversely, the 
phytate molecule has been observed to reduce the availabi-
lity of calcium (Mccance and Widdowson, 1942 a, b; Kerbs 
and Mellanby, 194J; Bronner et al., 1954). rn 1968, Nelson 
et al. reported that phytate increased the level of dietary 
calcium necessary to meet the chicks' requirements for this 
mineral element compared to a diet containing no phytate. 
Hydrolysis of phytate with phytase reduced the dietary 
7 
calcium requirement, thus confirming the chelating effect. 
rmpaired calcium absorption is due both to precipitation of 
an insoluble calcium s~lt (amorphorus pentacalcium phytate) 
and to binding into a complex with phytic acid (sognen, 1964). 
There are two theories propo-sed which seek to explain 
the mode of action of vitamin n3 on the absorption of phytic 
acid phosphorus. singsen et al. (1950) suggested that phy-
tate phosphorus was labile, but in the absence of this 
~itamin the phytate molecule probably removed as much phos-
phorus from the body as it brought in. However, under the 
influence of vitamin n3 another radical replaced part of the 
phytate phol:3phorus which then became available to the ~ni­
mal. The improved phosphorus utilization in the presence 
of vitamin n3 represented this released phytate phosphorus 
rather than increased utilization of the non-phytate phos-
phorus. 
Another theory suggested that vitamin D increased the 
production of phytase in the intestine or that it enhanced 
the activity of the phytase contained in the feed ingredi-
ents. Pileggi et al. (1955) reported that vitamin D increas-
ed the intestinal phytase activity 2 to 5 fold in the 
intact animal. Roberts and yudkin (1961) also found that 
this vitamin increased phytase activity in rats. However, 
this theory has not been investigated fully to determine 
its merits. 
The 'effect of a high dietary phytic acid intake on 
plasma-calcium homeostasis has been studied in rats 
(Willis and pairney, 1972). The effect of phytic acid in 
groups of rats on an adequate vitamin n3 intake has been 
compared with groups of animals on an increased vitamin n3 
intake. The results showed that rats were unable to main-
tain plasma calcium concentrations in the face of a high 
dietary phytic acid intake while on an adequate vitamin n3 
diet. The results also showed that despite a five-fold 
increase in vitamin n3 , the high dietary intake of phytic 
acid was associated with the developmemt of hypocalcemia, 
vitamin n3 probably enhances the utilization of 
phytate phosphorus by the animal to a limited extent. 
However, the magnitude of this increase is small and 
appears to be dependent upon several other dietary inter-
relationships. 
zinc 
In 1960 O'Dell and savage observed that zinc is less 
available in isolated soy protein than in casein. zinc in 
a casein-phytic acid complex which contains an amount of 
phytic acid comparable to that found in isolated soy pro-
8 
tein is also less available than in untreated casein. They 
suggested that phyt,ic acid must be in combination with 
protein in order to inhib.i...t the availability of zinc. But 
Likuski and porbes (196Li.) found that with either casein or 
9 
amino acids serving as the source of nitrogen, the addition 
of 1.8% phytic acid to the diet decreased daily weight 
gains and decreased the concentration of zinc in femur ash. 
From this it may be concluded that phytic acid decreases 
the availability of dietary zinc in the absence of protein. 
The presence of both calcium and zinc in the solution 
during the course of precipitation produced twice as much 
precipitate as the combined precipitates formed when either 
cation was present alone with phytate (~-·-, 1967). The 
addition of extra calcium to diets without phytic acid did 
not, at any time, significantly decrease the precentage of 
zinc absorption (Likuski and Forbes, 1965; oberleas wt -al., 
1966). 
The previous evidence has emphasized the inhibitory 
effect of calcium on zinc absorption in the presence of 
phytates. The deleterious influence of plant proteins on 
zinc absorption is related to their phytate content. The 
availability of zinc in diets containing animal protein 
is decreased by addition of soluble phytates in the diet 
(O'Dell et al., 1972). 
rn the absence of phytate the calcium level had no 
effect upon growth rate of rats and chicks with or without 
supplementary zinc (Oberleas et al., 1966; O'Dell et al., 
1964). There appears to be a three way interaction with 
zinc, calcium, and phytate. The chemical complexation of 
10 
zinc by phytate, particularly in the presence of calcium 
to form an insoluble and nonabsorbable compound, is 
believed to be the mechanism by which zinc is made less 
available to animals (oberleas et al., 1966; welch et al., 
1974). 
The effect of calcium on zinc incorporation into 
phytate in two solvent systems (PH 2.5 and PH 6) was 
investigated (Cynthia and Gennard, 1965)· rt was found that 
in both solvent systems· at wide zn: ca ratios, calcium 
enhanced the incorporation or absorption of zinc into 
phytate and at narrow zn : ca ratios, calcium decreased 
z.inc incorporat5.on into phytate. The findings offer a 
rational explanation of the biological observation of the 
zn-ca effects in the presence of phytate. At low zinc, 
high calcium concentrations, calcium increases the for-
mation of insoluble phytate by coprecipitating or adsorbing 
zinc. At high levels of zinc and calcium concentrations, 
calcium competes for positions on the phytate molecule, 
thereby reducing the amount of zinc precipitated. since 
zinc is a trace elememt, it does not supply enough cations 
to form a significant quantity of the insoluble zinc phy-
tate. However, calcium cations increase the total cation-
ic environment sufficiently to initiate a coprecipitation 
with zinc to form mixed insoluble phyta~es. Therefore, 
zinc in the presence of calcium would not be as available 
_,· 
for absorption and zinc deficiency would be aggravated. 
on the other hand, when supplemental zinc is added to the 
diet, the concentration effect would at least partially 
overcome the biologically observed calcium effect. 
rron 
11 
The effect of dietary phytate on iron absorption is 
still in controversy. Quantitatively, iron and calcium 
contribute by far the greatest cations of minerals with which 
phytate can combine. rn the intestine phytates and phos-
phates form iron compounds which are insoluble and there-
fore, relatively unabsorbable (Moore -et al., 1943; 
Widdowson and Mccance, 1942; Mccance et al., 194.3). 
rron absorption may fall below 3% in diets with a low 
calc.ium, high phosphorus, and high phytic acid content. 
The limiting effect of phosphates and phytic acid on iron 
absorption may be reduced by excess of iron and/or calcium. 
Excess dietary ca.lcium and a low phosphorus intake may 
decrease iron absorption, whereas increased iron absorption 
may result from a high intake of both calcium and phosphates 
(-, 1967). 
Hemoglobin regeneration was studied in groups of ane-
mic rats fed purified diets containing 10 to 20 ppm of iron 
in which either 45 or 75% of the phosphorus was replaced 
with phytate phosphorus. At either level of iron, the die-
tary phytate had no effect on iron absorption as measured 
by total hemoglobin regeneration (Cowan et al., 1966). 
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welch et al., (1975) studied iron-deficient rats which 
were fed 59Fe-labeled seeds. The 59Fe from the mature seeds 
was more available than that from immature seeds even 
though the mature seeds contained approximately three times 
as much phytic acid. rmmature soy bean seeds contained 
much more insoluble 59Fe than mature soy bean seeds. rt 
was concluded that the availability of 59Fe from soy bean 
seeds, as measured by whole body counting, was not directly 
correlated to the phytate content of the seeds, also imma-
ture soy bean seeds apparently contain a factor or factors 
(other than phytic acid) that depress iron availability. 
However, iron-depl.eted rats were used in this experiment. 
This condition might influence the experimental results, 
since it is known that ·iron absorption·is increased if 
iron stores are depleted (van camper, 1974). 
Magnesium 
Rats fed 20% phytic acid diets __ absorbed_ less magnesium 
than rats fed control diets. Absorption of magnesium by 
the rats from both the control and phytic acid diets were 
decreased when the level of dietary calcium increased from 
o.4 to 1.2% (Likuski and pobes, 1965). These results are 
in agreement with earlier work by MCAleese and pobes (1961) 
and Fobes {1963)· 
Mcward (1969) reported that an increase in phytic 
acid in chick feed increases the requirement of magnesium 
needed to support optimal growth. 
Dental caries 
rn earlier in vitro work, crenby (1967,a) found that 
the naturally-occurring phytates in wheat, especially the 
water-soluble phytates which occur in the aleurone layer, 
can limit the acid induced decalcification of tooth 
1J 
material. The wheat grain is believed to contain a mix-
ture of phytates in combination with varying proportions of 
2+ 2+ + + + cations, chiefly ca , Mg , K , Na , and H • The solu-
bility of the different compounds probably vary, and Grenby 
(1967,b) suggested that the more soluble phytates of the 
aleuronn layer have the greater preventive effect on de-
c2.lci.fication. 
w:td te and wholemeal flour and bread compared with 
sugar are all of low cariogenicity in the rat. There was 
not a significant reduction in caries when white flour or 
bread in the diet was replaced by wholemeal. 
rn Kaufman and Kleinberg's studies (1971) phytate 
appeared to adsorb to enamel and reduced its rate of dis-
solution in acid. 
rn vitro, chemical experiments have shown that treat-
ment of dental enamel with sodium phytate sharply reduced 
the solubility of the enamel in acid. Topical applications 
of 20 or 25<:0 sodium phytate solution thrice weekly sign if i-
cantly reduced caries although ingestion of sodium phyta.te 
14 
in food or drinking water at level of 2 % did not signifi-
cantly alter the level of caries (Grenby, 1972). 
C) THE EFFECT OF PHYTATE IN HUMAN STUDIES 
calcium 
under laboratory conditions, phytate in cereals was 
originally identified by Bruce and callow (1934) and 
Harrison and Mellanby (1939) as a rachitogenic agent. con-
sumption of large amounts of high-extraction flour has been 
shown to reduce calcium absorption in human volunteers 
{Mccance and Widdowson, 1942 a; Harris, 1955)· However, 
in the human studies of walker et al. (1948) the reduction 
in calcium absorption was temporary and adaptation occurred 
within a few weeks. Adaptation to a low-calcium diet in 
the rat is· associated with an increase in fract'ional 
calcium absorption and a decrease in fecal-calcium excretion 
(Willis and pairney, 1972). High therapeutic levels of 
phytate have been temporarily successful in the treatment 
of hypercalcemia, but adaptation to the phytate apparently 
occurs to lessen the effect of this therapy (Henneman et al., 
1956). 
Although phytate may bind calcium in the intestine and 
thereby tend to reduce calcium absorption, this is of ques-
tionable significance in man. Adequate calcium absorption 
and cure of rickets are achieved with adequate vitamin D 
levels even though large amounts of phytates are consumed 
( I 1973)• 
The failure of an increased vitamin DJ intake to 
overcome the effects of a high dietary phytate intake is 
consistent with the clinical reports of high requirements 
of vitamin D in the treatment of rickets and osteomalacia 
15 
i:n Asians (Swan and cooke, 1971; vaishnava and Rizvi, 19'71). 
swan and cooke (1971) proposed that the high requirement 
of vitamin D in these patients was evidence of resistance 
and possibly a defect in the conversion of vitamin n3 to 
its physiologically active metabolites. 
zinc 
Human zinc deficiency has been encountered in Tran 
(Prasad et al. J 1960) and Egypt (Prasad et al., 1963) with 
resulting hypogonadism and arrested growth of youths who 
lived in villages where unleavened bread supplies most of 
the calories. 
phytate concentrations of the unleavened bread in 
rranian villages are much greater than those of leavened 
bread made in commercial bakeries in cities of the same 
region. AS a result, the phytate intake of the rural 
population considerably exceeds that of the urban popula-
tion. Excessive intake of phytate may explain the occur-
rence of overt zinc deficiency among villagers and its 
absence in the cities (Reinhold, 1971). 
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The city leavened bread did not seem to precipitate 
mineral deficiency problems because yeast contains phytase 
which supplements the phytase naturally occurring in flour 
to hydrolyze the phytic acid and release the minerals need-
ed for nutrition (Ranhotra et al., 1974). 
rn man, as in animals, zinc absorption is reported to 
be uninfluenced by the calcium in the diet, provided the 
latter does not contain phytic acid (Spencer et al., 1965). 
rr~ 
There is a great deal of confusion and controversy 
regarding the meaning of the effects of phytate on iron 
abso:cption in rats. Rat data does not necessarily apply 
to man. 
rn hum&.n studies by Sharpe and coworkers (1951) miU-:::, 
which contains no phytate, reduced absorption of ferric 
chloride as much as rolled oats which contains significant 
quanti tit"~S of phytate. Rolled oats with milk reduced iron 
absorption twice as much as milk alone. A 40<!,f. reduction in 
the amount of rolled oats did not materially affect iron 
absorption. A progressive decrease in iron absorption 
occurred with each increase in quantity of the different 
food ingested. rt therefore seemed that natural phytate 
was not an important factor in reducing iron absorption, and 
that other factors, including increasing the bulk of the 
dietary intake, ·played a part in the interference. 
17 
The evidence indicates that phytates reduce the ab-
sorption of non-heme iron in the human diet, but have no 
effect on heme iron absorption (Hallberg and solvell, 1967). 
The prevalence of anemia in population groups sub-
sisting on cereals thus may not necessarily be due to the 
high phytate content of the diet. The anemia may be due 
more to a low calcium intake, or high bulk intake which 
impairs iron absorption (Senchak et al., 1973), or to a 
failure to adapt to,such a diet. 
rt may be inferred that the availability of iron may 
not be affected by a somewhat increased consumption of 
natural :phytate .r in the form of cereals, in a diet otherwise 
low in bulk and adequate in calcium, vitamin n, and iron. 
D) PHYTASE 
Phytase, which releases inorganic phosphate from 
phytate, eccurs in low amounts in vegetation and in high 
amounts in most germinating seeds (Abernethy et al., 197.J). 
Phytase isolated from the cotyledons of germinating mung 
bean seeds has optimal activity at PH 7.5 {Mandal et al., 
1972), but phytase isolated from other sources is active 
at an acidic PH· However, the induced phytase in Bacillus 
subtilis has a PH optimum at 7. 'I'he F2 phytase isolated 
from wheat bran (Lim and Tate, 1973) was shown to have a 
PH optimum at 7.2. so phytase from different sources may 
18 
have a different optimum PH· 
Recently it has been suggested that lysolecithin could 
activate wheat bran phytase (Lim and Tate, 1971). However, 
no change in PH optimum or mode of degradation of phytate 
was observed. rt has been found that sn-glycerol-J-phospho-
choline (Sn-J-GPC) at different concentrations can either 
activate or inactivate the enzyme, but no shift in PH opti-
mum has been recorded. 
High dietary levels of magnesium and calcium were 
found to reduce the activity of chick's phytase, while high 
levels of phosphate had no effect (coaig et al., 1972). The 
phytase of the rat's small intestine has been activated by 
the supplement of egg albumin as well as vitamin D to the 
diet. The effect of egg albumin and that of vitamin D are 
cumulative. rn contrast to the effect of egg albumin the 
addition of phosphate decreased the phytase activity 
(Koya.~agi, 1965). 
The degradation of phytate is a stepwise process. The 
degradation starts from position 6 followed by position 5 
and 4, 1 and 3, or 1 and 4. Moreover, this pattern is not 
influenced by the presence of sn-3-GPC (Maiti et al., 1974). 
Johnoson and Tate (1969) suggested that in biological 
systems at least two phytase enzyme exist, one of these 
removes the 1-phosphate, the other removes the 6-phosphate 
from phytate. 
rn order to be utilized, phytin phosphorus must be 
hydrolyzed to yield inorganic phosphate. Nelson (1967) 
reported that plant phytase can hydrolyze phytate phos-
19 
phorus, and the conditions for its action suggest that the 
enzyme would be active in the digestive tract of animals. 
The ability of man to hydrolyze phytates remains a contro-
versial subject, some hydrolysis in the digestive tract 
does invariably occur perhaps due to microbial phytase or 
nonenzymatic cleavage (Ranhotra and Loewe, 1975)· rn the 
Bitar and Reinhold studies (1972), homogenates of the muco-
sal biopsies of each of the five huma.n small intestines 
examined showed specific phytase activities of the same or-
der as those of the other species: rat, chicken, and calf. 
E) SUMMARY OF LITERATURE REVIEW 
rn plants, phytate is the form of phosphorus storage 
(Ashtow and 1,ilJilliams, 1958; Hall, 1966; ·williams, 19'10). 
and is the end product of phosphorus metabolism (Asada et 
al., 1969)· Phytate binds with minerals, such as: calcium, 
zinc, iron and magnesium. Phytate interferes with the ab-
.sorption of these minerals and also is believed to be 
resposible for human zinc deficiency. 
Phytate combined with different minerals may have 
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different solubilities. rn corn germ and soy bean flakes 
phytates are relatively more water soluble than are the pro-
tein, but in sesame, phytate is markedly less soluble than 
total protein. Phytate was extracted from the sesame by 
dilute HCl containing sufficient Mg2+ (O'Dell and de Boland, 
1976). 
In 1972, Bitar and Reinhold found phytase activity in 
the mucosa of human small intestine. If humans do have a 
phytase enzyme in the small intestine, its presence in 
individuals may mirror those of lactase. That is, some 
people may rlisplay varying ranges of intestinal phytase 
activity. Perhaps this varying range of phytase activity 
is responsible for the high incidence of mineral-deficiency 
diseases in certain population groups consuming high phytate 
diets. 
If the water solubility of various plant phytates 
could be determined, and the way to increase phytase acti-
vity in food ingredients could be discovered, then the 
incidence of some mineral deficiency diseases could be 
decreased. 
CHAPTER III 
MA TERALS AND r,lfETHODS 
The determination of phytate in plant tissues involves 
the following steps: 1) Maceration of tissue in hot HCl 
which solublizes and extracts the phytate at the same time, 
2) Precipitation of ferric phytate in the extract by adding 
an excess of ferric chloride, and 3) Determination of 
:phytate by conversion of iron from ferric phytate to ferric 
hydroxide with alkali and the subsequent colorimetric 
determination of iron in the separated hydroxide. 
A) PEE?ARATION OF SEED SAMPLES 
QnP hundred grams of peanuts, almonds, soy beans, and 
mung beans. were soaked in JOO ml of distilled water for 0, 
2, 6, 18, and 24 hours. other portions of these same seeds 
were also soaked in JOO ml of 0.01 N HCl or in 300 ml of 
saturated sodium bicarbonate over night (18 hours). After 
other portions of these same seeds had been soaked in the 
same amount of distilled water for 12 hours and drained, 
2+ twenty milliliters of a solution containing 0.05 mM zn 
2+ and 1 mM Mg was added while the seeds were blended and 
then incubated for another 12 hours at room temperature. 
2+ TO examine the stimulation of phytase by zn alone the 
samples were prepared as above expect a solution contain-
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2+ ing 0.05 mM zn was added. 
All of the seeds were put in plastic bags and placed in 
a freezer until needed for analysis. Analysis of the seeds 
were based on 0.2 g dry weight. TO accomplish this, seeds 
were weighed before and after drying at 100°c over night 
in an oven, and the weight of wet seeds calculated which 
would equal to 0.2 g dry seeds. 
B) EXTRACTION OF PHYTIC ACID FROM SEEDS 
The equivalent of 0.2 g dry weight of each of the 
tested seeds were placed in a small blender with 5 ml of 
0.5 N HCl and blended for 3 to 4 minutes. The slurries of 
each of the seeds were transferred to centrifuge tubes. The 
blenders were rinsed with an additional 4 ml of 0.5 N HCl 
and then added to the respective centrifuge tubes. The 
tubes were heated in an 80°c hot water bath for 5 minutes 
and then shaken 20 minutes in a mechanical shaker. The 
tubes were then centrifuged at 17,300 x g for JO minutes. 
The supernatants were decanted and placed in small erlenmeyer 
flasks. Another 7 ml of 0.5 N HCl were added to the tubes 
and mixed on the vortex mixer. The tubes were heated, 
shaken and centrifuged again as decribed above. The super-
natants were added to the erlenmeyer flasks and refregerated. 
The pellets were discarded. 
C) PRECIPITATION OF FERRIC PHYTATE 
The acidity of the supernatants were adjusted to PH 2 
with 10 M NaOH· The supernatants were poured into 25 ml 
volumetric flasks, brought up to volume with 0.5 N HCl 
solution which had previously been brought to PH 2 with 
10 M NaoH, and mixed well. 
Five milliliters of the solution were transferred to 
centrifuge tubes, and one milliliter of ferric chloride 
solution (0.1 mg/ml Fe) was added in each tube. The tubes 
were mixed well and placed in a boiling water bath for one 
hour, cooled. centrifuged at 17,JOO x g for JO minutes and 
decanted. 
'Iha yJreei_pi ta.t,3 was washed with 5 ml of 0 .1 N HCl, 
then centrifuged as above. 
D) PHECIPITATION OF FERRIC HYDROXIDE PROM FERRIC PHYTATE 
AND DE 1rERMINATION OF IRON 
2J 
The ferric phytate precipitate in the centrifuge tubes 
was dispersed in 0.5 ml of water and wa.s treated with 0.5 ml 
of 0.6 N NaoH, and mixed on a vortex mixer. Then the tubes 
were heated in a boiling water bath for JO minutes to speed 
coagulation of the Fe(OH)J precipitate. The tubes were then 
cooled, centrifuged 15 minutes at 17,JOO x g and decanted. 
The pellets were washed with 3 ml of water, mixed, centri-
fuged as above and decanted again. The washed ferric 
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hydroxide precipitate was dissolved in 0.5 ml Of N HCl 
and 3 ml of 0.1 N HCl, heated in boiling water for 10 
minutes, transfered to a 25 ml volumetric flask with several 
pretions of 0.1 N Hcl, and made up to volume with 0.1 N HCl. 
Ten milliliters of the mixture were transferred to a 
25 ml volumetric flask. one milliliter of hydroxylamine 
was added, shaken to mix and let stand for 3 minutes. Then 
9.5 ml of 2 M sodium-acetate buffer was added, as well as 
one milliliter of ortho-phenanthroline solution. The 
mixture was brought up to volume with distilled water and 
mixed well. The colorimetric determination was done on a 
Gilford spsctrophotometer at 51.5 nm. 
CHAPTER IV 
RESULTS AND DISCUSSJON 
A) EXTEN'J.1 OF WATER LEACHING DURING SOAKING 
All seeds used in this study (almonds, peanuts, mung 
beans and soy beans) did not decrease in phytate content 
with length of soaking in distilled water for 2, 6, 18 or 
24 hours. The phytate content in the various kinds of seeds 
at the di£ferent soaked time intervals are shown in Table I· 
prom these data the straight lines of the phytate content 
vs soaked time of each kind of seeds were drawn (Figure 
2-5). There are no significant changes of phytate content 
in almonds, peanuts and soy beans during soaking, but there 
is a slight incraase in phytate content in mung beans 
(Table II)• 
rt is generally accepted that most of the phytates 
are synthesized during the ripening of seeds. However, 
Manda! and Biswas (1970, a) reported that phytates are also 
synthesized during the germination of mung bean seeds. 
This result agrees with that of Majumder et al. in 1972. 
rt has been found that very little phytase activity exists 
in the cotyledons of mung bean seeds after soaking for 6 
hours. The rate of increase of phytase activity in the 




The phytate content of seeds in Milligrams per Gram of 
sample vs soaking time (n = 3). 
Hours 
soaked 0 2 6 18 24 
Almond Mean: 7.38 7.83 8.12 8.25 8.86 
S .D.,,~t.: 0.91 0.62 0.91 1. 20 2.18 
Peanut Mean: 7.46 7.83 5.89 7.01 8.12 
S. D • ~ 0.91 0.58 0.58 0.58 0.16 
Mung Bean Mean: 5.81 5.81 6.72 6.64 6.56 
S. D. : 0.33 0.58 0.66 0.91 0.12 
soy Bean Mean: 11. 2 8.86 10.1 9.77 10.9 
S. D. : 0.3 0.87 0.3 0.33 0. '? 
.;l- standard Deviation, 
Table II 
The Regression coefficient (~ standard Error) over Time 
and P-value of The seeds. 
Almond 
Peanut 
Reg. coef. + S.E. 
0.00213 + 0.00141 
0.00094 + 0.00125 
Mung Bean 0.00142 + 0.00061 
soy Bean 0.00060 + 0.00116 
* Not Significant. 
P-value 
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Figure 5. Regression Line por soy Bean. 
hours it is accelerated and attains a maximum between 48 
and 60 hours. 
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After soaking, the water was collected and the phytate 
content was checked (Table III)· The percentage of the phy-
tate extracted by the water in almonds, peanuts, mung beans 
and soy beans are 0.1~. 2%, 0.1~ and 0.8~ respectively. 
The regression lines of the phytate content vs soaked time 
of each soak water are graphed in Figures 6-9. The regres-
sion coefficients of soak water are given in Table IV· 
The water in which the peanuts and soy beans were soaked 
increased in phytate content with time, but the phytate con-
tent decreased with time in the water in which almonds and 
mung beans were soaked. The reason for these results may 
lie in the permeabilities of the seed coats. The peanuts 
used in this study are skinless. The skin of soy beans may 
be more permeable to phytate than that of almonds and mung 
beans. After soaking 18 hours many skins of the soy beans 
were separated from the seeds; however, no seed coat sepa-
ration occ_urred during the soaking of almonds or mung beans. 
B) THE PHYTATE CONTENT TN SEEDS AFTER THE TREATMENT OF 
ACID OR BASE 
The quantities of phytate in the seeds soaked in 0.01 N 
HCl for 18 hours were compared with controls which were 
soaked in distilled water for the same length of time. 
table III 
The Phytate content of soak water in Milligrams per Gram 
of sample vs soaking Time ( n = 3)· 
Hours 
.6 18 24· soaked 2 
Almond Mean: 0.0085 0.0045 O.OOJO 0.0020 
S .D.: 0.0004 0.0004 0.0004 0.0000 
Peanut Mean: 0.0665 0.0880 0.1560 0.1570 
S. D.: 0.0021 0.0018 0.0008 0.0043 
Mung Bea~ Mean: 0.0070 0.0025 0.0005 0.0005 
S .D.: 0.0002 0.0001 0.0001 0.0000 
soy Bean Mean: 0.0100 0.0480 0.0935 0.0935 
S .D.: 0.0012 0.0017 0.0006 0.0047 
Table IV 
The Regression coefficient (~ standard Error) over Time 
and The P-value of soaking water. 
Reg. coef. ~ S.E. . P'.""value 
Almond -0.00062 + 0.00012 < 0.001 
peanut 0.00643 + 0.00111 '< 0. 001 
MUng Bean -0.00046 + 0.00006 < o. 001 
soy Bean 0.00696 ~ 0.00185 < 0.01 
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Figure 6. Regression Line por The soak water of Almond. 
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Figure 9. Regression Line por The soak water of soy Bean. 
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rt can be seen from Table v that there is a significant de-
crease of phytate content in almonds,· peanuts and mung beans. 
The phytate in soy beans did not significantly change. rn 
none of the seeds that were soaked in saturated sodium bi-
carbonate were there any significant changes of phytate 
content (Table VI)· 
The phytic acid exists in seeds as complexes with iron, 
calcium, zinc, sodium and magnesium. Most of them are very 
insoluble in water, but become soluble in acid solutions 
(Jkakman and Black~ 1951). This could be one reason why 
the :phytates in peanuts, almonds and mun,cs beans are decreas-
ed aft.er soaking in acid solution. The other possible 
reason ma.y be tha ·: the PH of the acid solution in.creases 
the activity of the phytase enzyme. rn the alkaline con-
ditions, phytates are not soluble, and also the PH may not 
be suitable for the phytase activity either. rt has been 
reported that the optimum PH of the phytase in the cotyle-
don of rnung beans is 7.5, the optimum temperature for this 
enzyme is 57"c (Mandal et al., 1971). 11he PH of saturated 
sodium bicarbonate solution should be suitable for the acti-
vity of phytase in mung beans. Hov11ever, no activity has 
been detected in the unsoaked seeds and the.phytase .is 
synthesized de novo in the cotyledon of mung beans after 
soaking (!vrandal and Biswas, 1970, b). In the present 
research the mung beans that were soaked in alkaline solu-
Table v 
The Phytate content in seeds After soaking in 0.01 N HCl 
compared with control (mean.! standard deviation, n = J). 
mg Phytate/g Dry seed 
0.01 HCl control 
T-test 
N 
Almond 6.14 + O.JJ 8.25 + 1.20 p < 0. 01 ----
Peanut 5.69 + o.45 7.01 + 0.58 P< 0.05 
Mung Bean i+. 7L~ + 0.25 6.64 + 0.91 P<. 0.01 
soy Bean 9.65 + 0.33 9.77 + 0.33 N.S. 
Table VT 
The Phytate content in Seeds After soaking in saturated NaHCOJ 
compared with control (mean! standard deviation, n = J). 
mg Phyta te/ g Dry seed 
saturated 
NaHco3 control T-test ----
Almond 8.49 + 0.29 8.25 + 1. 20 N.S. ----
Peanut 7.26 + 0.35 7.01 + 0.58 N.S. -
MUng __ :f2~ 6.72 + 0.33 6.64 + 0.91 N.S. 
soy Bean 9.77 + 0.16 9.77 + 0.33 N.S. 
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tion either synthesized insufficient phytase to dephospho-
rylate the phytatas or the environment (temperature, mineral 
ions,. PH) was not suitable for significant enzyme activity. 
under acid conditions, most of the phytates in seeds are 
soluble, but under alkaline conditions,1solubility is de-
creased. These results are in the agreement with those of 
Qke ( 1965). 
C) THE EFFECT OF STIMULATION ON PHYTASE BY zn2+AND Mg2+ 
prom the data shown in Table VII, it can be seen that 
there are lower phytate contents after the treatment of 
2+ 0.05 mM zn , but only that of peanuts and mung beans are 
significant. There was no significant change of the quan-
tity of phytate in any seeds, after the treatment of 0.05 mM 
2+ 2+ zn plus 1 mM Mg (Table VIII)· 
rn the study of Bitar and Reinhold (1972), zn2+ in-
creased the phytase activities in rats and chicken, and Mg2+ 
was added before assying. But higher concentrations of zn2+ 
caused a zinc phytate precipitate and inhibited the enzyme 
activity. They also found that phytase from different 
sources may have different optimal activity at different 
2+ t t' zn concen ra ions. High dietary levels of magnesium were 
found to reduce the activity of phytase in chicks (Mccuaig 
et al., 1972). rn the present study, it is shown that zn2+ 
may have some effect on the stimulation of phytase in some 
Table VII 
The Phytate content in seeds 'I'reated with 0. 05 mM zn2+ 
compared to control (mean+ standard deviation, n = J). 
mg Phytate/g Dry seed 
0.05 IDfv'! zn 2+ control T-test 
Almond 8.74 + 0.33 8.86 + 2.18 N.S. ---- -
Peanut 6.27 + 0.58 8.12 + 0.16 P<0.05 -----
~~mg Bean 3.96 + 0.25 6.56 + 0.12 P< 0.01 -
§_OY Bean 9.90 + 0.29 10.9 + 0.7 N.S. 
Table VIII 
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2+ 2+ The Phytate con:tent in seeds Treated with 0.05 rnM zn & 1 m11r: Mg 
compared to control (mean.:!:. standard deviation, n = 3). 
mg Phytate/g nry seed 
o. 05 mr,lf zn 2+ 
& 1 IDM ]\~g2+ control T-test " --------
Almond 8.68 + o.45 8.86 + 2.18 N.S. --
Peanut 6.63 + 0.87 8.12 + 0.16 N.S. 
Mung Bean 5.81 + 0.33 6.56 + 0.12 N.S. 
soy Bean 10.8 + 0.1 10.9 + 0.7 N.S. 
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seeds. But Mg2+ apparently has no stimulatory effect. The 
mechanism of the zn2+ stimulated activity of phytase could 
be either through an increase in the synthesis of the enzyme 
or through the activation of the enzyme, or both. The 
reason for no change of phytate content in some seeds after 
. 2+ 2+ treatment with 0.05 mM zn and 1 mM Mg could be that the 
concentration of zn2+ and Mg2+ are not optimal. The other 
possible reason could be that wh.en zinc and magnesium were 
added together to the seeds that a zinc-magnesium insoluble 
phytate was formed which was not rapidly hydrolyzed by 
phytase. Perhaps at a more ideal concentration of zn2+ and 
Mg2+ there would be an increased activity of phytase. 
CHAPTER V 
CONCLUSION AND RECOMMENDATION 
The extractability of phytate from a product is depen-
dent upon its chemical environment, i.e. the type of protein 
and cations with which it is associated and on the PH of 
the solvent (de Boland et al., 1975; O'Dell and de Boland, 
1976). rt seems that most phytates are extracted by a high 
+ concentratlon of H , but no phytates are extracted by an 
alkaline solution. using water alone the extraction does 
not offer a promising method of removing phytate. However, 
water will remove phytate from some products if the water 
is added and then removed. For example, phytate is removed 
from r..::orn products during the wet milling processes 
(de Boland et al., 1975). 
Phytase isolated from mung beans has an optimal activi-
ty at PH 7.5 at 57°c (Mandal et al., 1972). wheat phytase 
has an optimum PH of 5.15, and an optimum temperature of 
55~c. The phytase in Bacillus subtilis has a PH optimum 
at 7 (r,~ait5. et al., 1974). Therefore, there must be more 
than one phytase existing in nature. Different phytases may 
need different conditions for optimal activity. In the 
present study zn2+ at a concentration of 0.05 mM appears to 
stimulate phytase activity. But different phytases may need 
different optimal concentrations of zn2+. Higher concen-
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trations may inhibit the activity of the enzyme (Bitar and 
Reinhold, 19'72). The effect of Mg2+ on phytase activity is 
2+ not stimulatory in this study. rt may be that Mg has the 
effect on phytase either to increase or inhibit the activi-
ty at different concentrations when magnesium is added to 
seeds alone instead of with zinc. 
The ability to hydrolyze phytates in the GI tract of 
man remains a controversal subject. rn Bitar and Reinhold's 
sti.xdies ( 1972), homogenates of the mucosal biopsies of each 
of five human small intestines showed phytate specific phos-
phorylase activity. some hydrolysis of phytate in the 
human digestive tract does .invarably occur _perhaps due to 
microbial phytase or nonenzymatic cleavage (Ranhotra and 
Loewe, 1975)· until now only those people consuming large 
amounts of phytate from unleavened breads (Iran villagers, 
Egyptians) has it been reported that phytate is responsible 
for zinc deficiency. AS long as a balanced diet is con-
sumed containing enough calcium, vitamin D, iron, zinc and 
other minerals, the phytates appear not to threaten peoples' 
hea.lth. 
rn 1967, a report in the Nutrition Review said:" auto-
claving soy bean protein hydrolyzes its phytic acid and at 
the sru~e time increases the availability of zinc in ordinary 
rations containing; the autoclaved soy meal." Ross (1974) 
reported that the total amount of phytic acid in the seeds 
were not affected by cooking. rt would be interesting to 
examine the phytate content in seeds after different ways 
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of cooking e.g. boiling, roasting. Since all the treatments 
in this study (acid, base, zinc and magnesium) did not 
appreciably change the phytate content of soy bean, it 
would be also interesting to know the phytate content in 
soy bean milks and in other soy products. 
CHAPTER VI 
SUIV1MARY 
Almonds, peanuts, mung beans and soy beans were soaked 
in distilled water for 0, 2, 6, 18, and 24 hours, and the 
phytate in the seeds and in the soak water was quantitative-
ly analyzed. A comparison of phytate contents were made 
after the seeds were soaked in 0.01 N HCl or in saturated 
NaHco3 . The seeds soaked in distilled water served as 
controls. The effects of zinc and magnesium on stimulation 
of phytase in seeds were determined by comparing the quanti-
ty of phytate with that of the control. 
The method for analyzing the phytate content was based 
on dry weight. seeds were weighed before and after drying 
in an oven over night at 100~c, and the weight of wet seeds 
which calculated would be equal to 0.2 g dry seeds. After 
phytic acid was extracted by hot HCl, ferric phytate was 
precipitated by adding an excess amount of ferric chloride. 
Ferric phytate was converted to ferric hydroxide -with NaOH 
and the amount of iron in each sample was colorimetrically 
determined. All values of phytic acid were calculated on 
the assumption that four ferric atoms combine with one mole-
cule of phytic acid (Fe4P6c 6H6021.,_) (Makower, 1970). 
under acid conditions, most phytates in seeds, espe-
cially in peanuts, mung beans and almonds, were soluble and 
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extractable. But under alkaline conditions the reverse is 
true. using water alone the extraction does not offer a 
promising method of removing phytate. 
2+ After 0.05 mM zn was added to seeds the phytate con-
tent was decreased, though only that of peanuts and mung 
beans were significant. zinc may have some effect on in-
creasing the activity of phytase in some of seeds. when 
2+ 2+ 0.05 mM zn and 1 mM w.g were added together to seeds no 
change in phytate content was observed. This may be caused 
by lack of optimal concentrations of zinc and/or magnesium 
for phytase activity, or it may be that insoluble zinc and 
magnesium phytates were formed which decreased the activity 
of phytase. 
Since humans may have the ability to hydrolyze the phy-
tates in the digestive tract (Bitar and Reinhold, 1972; 
Ranhotra and Loewe, 1975) it may be that as long as a ba-
lanced diet is consumed containing enough calcium, vitamin 
n, iron, zinc and other minerals that phytate may not be 
a threat to peoples' health. 
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APPENDIX 
A) Calculation of Phytate content in the soak water: 
1. Take reading from absorbance in the standard iron 
curve to get mg of iron, 
2. mg of iron~ atomic weight of iron (55.8) 
= millimoles of iron 
J. millimoles of iron + 4~= millimoles of phytate 
4. m.moles of phytate x atomic weig.~t of phytate (659.65) 
=milligrams of phytate/milliliter 
5. mg.of phytate x the volume of water after soaking 
= mg of phytate/ 100 g of dry seeds 
6. mg of phytate/ 100 g of seed -:-- dry weight of 100 g 
of seeds = mg of phytate /g of dry seed 
nry wr!ight of 100 g of seeds 
Almond 92.27 Peanut 
Mung bean 90 .18 soy bean 
94.91 
90.60 
B) calculation of phytate content in the Seeds: 
1.-4. the same as above to get mg of phytate/m.liter 
5. mg of phytate/ml x 5 x 25 = mg of phytate/0.2 g of 
dry seeds 
6. mg of phytate/0.2 g of dry seeds x 5 = mg of phytate/ 
g of dry seed 
* All values for phytic acid were calculated on the assump-
tion that four ferric atoms combine with one molecule of 
phytic acid (Fe4P6c 6H6o24 ) •. calculation were on a dry 
weight basis '{Makower, 1970). 
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Table IX 
The volume (milliliters) of the water After soaking 2, 6, 
18 and 24 Hours of the seeds. 
Hours 
soaked 2 6 18 24 
Almond 268 245 280 275 
Peanut 269 241 282 281 
Mung Bean 277 185 190 179 
soy Bean 212 155 201 196 
Table x 
The Means of Absorance and the standard Deviations for 
the seeds (n = 3). 
Hours 
soaked 0 2 6 18 24 
Almond 
mean: 0.321 0.340 0.350 0.366 0.381 
S. D. : 0.040 0.029 0.040 0.053 0.092 
peanut 
mean: 0.323 0.330 0.253 0.302 0.350 
S. D.: o.o4o 0.026 0.027 0.027 0.007 
Mung Bean 
mean: 0.250 0.251 0.290 0.289 0.285 
S .D.: 0.018 0.027 0.030 0~004 0.006 
soy Bean 
mean: 0 .4·85 0.389 o.434 o.424 o.469 




The r;reans of Absorbance and the standard Deviations for 
soak water (n = 3) • 
Hours 
soaked 2 6 18 24 
Almond ----
mean: 0.019 0.010 0.006 0.003 
S. D. : 0.004 0.004 0.004 0.000 
Peanut ----
mean: 0 .126 0.188 0.283 0.287 
S. D. : 0.021 0.021 0.007 0.040 
MUng~ 
mean: 0.012 0.009 0.002 0.002 
S. D.: 0.002 0.001 0.001 o.ooo 
SOl.__Ilean 
mean; 0.026 0.150 0.225 0.226 
S .D. ; 0.016 0.030 0.008 0.060 
Table XII 
The Mea.ns of Absorbance and the standard Deviations for 
the seeds Which were Treated with 0.05 mM zn2+ (n = 3). 
Mean + S·D· -
Almond 0.379 + 0.015 ---- -
peanut 0.271 + 0.027 
MUn.g Bean 0.17:1. + 0.012 
soy Bean o.426 + 0.01.3 
the 
Table XIII 
The Means of Absorbance and the standard. Deviations for 





Mean + S.D. 
0.375 + 0.020 
0.303 + 0.038 
0.250 + 0.014 
o.467 + 0.006 
Table XIV 
The Means of Absorance and the standard Deviations of 




0.367 + 0.015 
0.313 + 0.019 
MUng Bean 0.293 + 0.018 
soy Bean o.422 + o.oos 
59 
Table XV 
The ·Mea.Tls of Absorbance and the standard Devi tat ions of 
the Seeds soaked in 0.01 N HCl (n = 3)· 
Mean + S.D. -
Almond 0.265 + 0.015 -
Peanut 0.247 + 0.023 
r;rung Bean 0.206 + 0.012 
soy Bean o.416 + 0.018 -
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